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LINTRODUCTION

Use of the California Concrete Barrier Type 50, which employs a
safety-shaped ("New Jersey") profile, as a permanent median barrier
has increased rapidly since 1971, This median barrier was approved
for use in California after conducting successful vehicular crash

- tests on a prototype design in 1967(1l), and after evaluating an
experimental in-service barrier installation between 1968 and 1970.
The final report on the in-service barrier was completed in November,
1970(2), and the new concrete median barrier (CMB) design was shown
in a California Traffic Manual revision published in December,
1970(3). Since that time over 300 miles of CMB have been installed
in California. |

By 1971 some states were using a string of precast concrete segments
with the safety shape as median barriers. About that time the
California Department of Transportation (Caltrans) became interested
in precast CMB segments for use as temporary median barriers on
metropolitan freeway construction projects. A median barrier that
could easlly be relocated for each temporary detour change was
needed to separate opposing lanes of traffic. Previously a movable
double Metal Beam Barrler design was used for these temporary

detour changes. Considerable time and labor were required every-
time this barrier was relocated. In contrast, portable precast
concrete barrier segments could easily be installed or relocated
with a minimum of traffic delay. Precast barrier segments damaged
during vehicle accidents could also be easily removed., In addition,
thelr potential reuse as a permanent barrier was an attractive
possibllity.

At the time this research project was initiated, no vehicular crash

tests had ever been conducted on CMB composed of individually

connected precast concrete barrier segments. Also, in the states

- where precast CMB was being used (Idaho, Missouri, Ohio, Oregon,
Washington, and the Province of British Columbla) operational
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experience was limited- and very little accident experience had
been documented. Based on a review of the precast CMB designs
already in use, a design wlth pinned end connectlons was selected
fbr the first two vehicular crash tests conducted by Caltrans,
Tests 291 and 292. “The steel rod connection was chosen over a
formed concrete tongue and gfoove shear key design used by the
State of Oregon. The reasons for the choice at that time were

as follows: E

e The pinned end% would provide some continuity across the
joints between adjacent precast CMB segments.

e A 1imit on possible lateral barrier movement would be

:achiéved by the posﬁtive link between the precast CMB segments.

6 Lhe pinned ends would allow some extra Jjoint flexibility
S0 that the end 1engths of barrler segments could be flared
away from traffic at construction sites.

e Precast CMB ségments with pinned end connections could be
placed faster than the barriers with shear keys and the pinned
end design was also easier to install on uneven ground.

3 Damaged pinned end precast CMB segments could be easily
replaced. '

In this report thé}fesults of four vehicular crash tests of three
different unanchorea precast CMB designs with pinned end
connections are described and discussed. In all of the trial
designs the barrier segments were pinned together by placing

steel rods through overlapping steel hinge bars cast iIn the

ends of the segments. Both blosed, 1/2 inch maximum gap between
segments, and open, 2 3/4 inch maximum gap pinned joint designs,
and barrier segment lengths of 12.5 feet and 20 feet were tested.
A11 four tests were conducted between 1972 and 1974, It was hoped

Wiy faslio.com
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. to find a precast CMB design acceptable for use both in temporary
. and permanent installations. The tests were conducted to evaluate
the strength and stablillity of the test barrier designs during
impact since the barrier cross—sectional geometry had been proven
effective 1n previous tests,

Parameters for the tests were as follows:

Test Segment Length,Feet/ Vehicle Impact - Impact
No. Open or Closed Joint Weight{ ILbs. Velocity mph Angle, Deg,
291 12.5/closed 4860 65 7

292 12.5/closed 4860 68 23

293  20/open 4860 66 40

294 20/closed : 4700 39 25

During the time period when these vehlcular crash tests were
conducted, Caltrans was also using an alternative design for
temporary use at construction sites. Precast CMB segments 20
feet long were chained together. TIwo turns of 3/8 inch chain
passed through holes near the ends of the unanchored segments.
The chains were recessed in shallow grooves formed into the
sides of the barrier segments to prevent the chains from stick-
ing out where they could be snagged. This barrier has been used
extensively for bridge falsework protection during constructilon.
Comments on the chalned precaét CMB and wvarilous pinned end pre-
cast CMB designs used by construction personnel in California
are discussed in the Appendix of this report.
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CONéLUSIONS AND RECOMMENDATIONS

 CONCLUSIONS

The following conclusions weré based on the results of four
vehicular crash tests conducted to determine the structural
strength and stablility of three different unanchored rein-
forced precast CMB barrier designs on asphalt concrete (AC)
pavement. The barrier segments were elther 12.5 feet or 20
feet long. Designs wilth elther closed or open pinned joints
héving'maximum gaps between adjacent barrlier segments of 1/2
inch or 2 3/4 inches respectively were tested. The barrier
segments were connected together by placing steel rods through
two pairs (one pair at the end of each segment) of overlapping
steel hinge bars cast in the ends of the barrier segments.

1. Severe Impact andiﬁions;* The three unanchored reinforced
precast CMB designs with pinned end connections tested by Caltrans

-failed to meet the structural adequacy and vehicle trajectory

hazard qritéria outlined in NCHRP Report 153(4) for the reasons

'outliﬁedabeléw. The barriers were subjected to strength test
‘conditions of vehicle welght/impact speed/impact angle of 4860

1bs/68 mph/23° for Test 292, 4860 1bs/66 mph/40° for Test 293, and
4700 1bs/39 mph/25° for Test 29h:

e Barrier filting; None of the designs resisted barrier
tilting during impact. This $ilting caused vehicle vaulting

and uncontrolled vehilicle trajéctories in two tests.

" e Lateral Barrier ‘Movement. None of the designs prevented

" lateral barrier movement which was excessive in two tests and

also contributed to erratic alrborne vehicle trajectories. The
average length of barrler segments having some lateral movement

Y. was 80 feet for the three tests.
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e Barrier Damage. Two barrier designs were extensively
damaged; the third design had minor concrete spalling at the
joints which might have been more severe if the impact speed
of 39 mph had been higher,

2. Moderate Impact Conditions. One of tﬁe three designs was
subjected to a shallow angle test with impact conditions of

4860 1b vehicle/65 mph/7°, Test 291. In this test there was a
limited amount of lateral barrier movement, 6 1/4 inch maximum,

no perceptible barrier tilting, and minor concrete spalling.

In Test 294 with impact speed/angle of 39 mph/25° the barrier
performance was judged unsatisfactory because of barrier tilting.
The tilting caused a rather high climb of the vehlcle upon the
barrier, and a possibly hazardous vehicle trajectory. However,
barrier and vehicle damage and lateral barrier movement were
relatively slight. Therefore, had the impact conditions been
slightly less severe, for example with a smaller angle of impact,
this barrier design would have been judged satisfactory for
moderate impact conditions.

In a limited survey'of Caltrans Office of Constructilion personnel
it was concluded that precast CMB, with pinned end connections
similar to the test barriers, when used as a temporary barrier
was generally effective in redirecting impacting vehicles with
minor barrier translation. This field experience supports the
effectiveness of the barrier for moderate impact condifions.

RECOMMENDATIONS

Temporary Uses of Precast CMB

Based on the results of crash tests described in this report and
summarized in Table 1 {(in the Discussion of Test Results sectlon

of this report), recommendations concerning the use of Temporary

www fastio.com
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o K Al
Railing Type K specified ih the 1975 California Standard Plans, -
Figure 17A in the ‘Appendix, are as follows:

e Connection details should be modified to provide tighter
joints between barrier segments to minimize lateral and rotational
barrier movement, and to improve dontinuity across tThe barrier
Jjoints. :

e Nuts and plate washers should be placed on the bottom of all
connection rods as shown in the 1975 Standard Plans. These were
added as a result of Test 293.

e Precast barrier segments similar to the designs tested should
only be used at locations where impact conditions are expected to
be in the moderate range of impact speed/angle of 40 mph/20° to
60 mph/13° based on site conditlons such as posted speed limit,
'roadway width, flare angle of barrier installation, etec. This
restriction assumes a maximum passenger vehicle weight of 4500
ibs with a corresponding maximum lateral component of kinetic
energy for the vehicle at the time of 1lmpact of about 28,000 ft-
1bs.

e Precast barrier segments used for the above moderate impact
conditions should be placed at least 1 foot clear of any roadway
excavation, cut line for bridge widenings, falsework, or any other
objects being shielded.

e For impact locations where lateral impact kinetic energy is
expected to exceed 28,000 ft-1lbs, precast barrier segments should
“be anchored to thé ground.

e Precast barrier installations should be at least 100 feet
long (excluding sﬁecial terminal barrier segments) at all
locations. The precast barrier segments at each end of the
installation should be firmly anchored to the ground so that they
‘will not pivot if'impacted.

i
~——
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Permanent Uses of Precast CMB

. None of the three barrier designs tested should be used as permanent
' CMB installations without modifications to provide anchorage to the
. ground and more structural continuity at jolnts between the barrier
segments.

Future Testing

1. Vehicular crash testing should continue on any new precast CMB
designs for temporary and permanent uses which show promise of
resisting more severe impact conditions than those barriers tested
in this series. There ig a need for temporary precast CMB with
higher performance standards.

2 New designs should have improved structural continuity at
Jolnts and/or anchorage to resist lateral movement and tilting.
However, these modifications should not be made entirely at the
expense of ease of assembly and portability of barrier segments,
and low cost of production.
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IMPLEMENTATION

The Offices of Traffic, Structures, and Construction will review
the findings and recommendations of thils report to defermine what

changes in standard plan designs and use of unanchored precast
CMB with pinned end connections are warranted.
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TECHNICAL DISCUSSION

Test Conditions

1. Test Facility

All four vehicular crash tests were conducted on an AC runway,
approximately 3 inches thick, at Lincoln Municipal Airport
located about four miles from Lincoln, California.

2. Test Barriers — Design and Construction

Key structural elements and design features for each test barrier
are shown in Figure 2 attached at the end of this section, Test
Conditions. Complete details of the fest barriers are contained
in the Appendix, Figures 14A through 16A.

Barrier segments for Tests 291 and 292 were delivered to the test
site by truck and placed in position by a small crane which was
mounted on the rear of the delivery truck. The crane operator,
standing on the ground, used remote controls to position each

12.5 foot long barrier segment, Figure 1, Two large tongs, hooked
in small slots next to tThe scuppers, held the barrier segments
during the placement operation. This method of placement was
guick and easy.

Barrier segments for Tests 293 and 294 were delivered on flat hed
trucks and placed with fork 1lifts. The forks were inserted in
the scuppers for 1lifting the 20 foot long segments.

A'summary of material sample tests of the strength of the concrete,
embedded hinge bars, and connecting rods used in the test barriers
is contained in the Appendix, Figure 18A4.

www . fastio.com
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Figure 1,5P1acing 12.5 Foot Barrier Segments
With Truck Crane

3. Test Vehicles

The test vehicles for Tests 291, 292, and 293 were 1969 Dodge
Polara sedans,‘eachfweighing'MBGO lbs. For Test 294 a 1968

Dodge Polara sedan weighing 4700 lbs was used. All vehicles

were in good condition, free of body damage and missing structural
parts. The vehicle'weights included on=~board instrumentation, one
dummy, and a gas tank filled with water.

K11 vehicles were éelf—propelled. Remote radio control in a follow

) vehicle was used to guide the test vehicle into the barrier in Tests
291 and 292. A cable guidance_system was used in Tests 293 and'294.
A short distance'before the point of impact, the vehicle ignition

was turned off in all tests. ~ Remote brakeé'were applied in all tests
after the vehicle had impacted the barrier and established a post
impact trajectory.

1o
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4. Data Acgulsition Systems

High speed and normal speed movie cameras and still cameras were
used to record the impact events and the conditions of the
vehicles and the barriers before and after impact.

An anthropometric dummy wilith accelerometers mounted in its chest
and head cavities was placed in the driver's seat to obtain motion
and deceleration data. The dummy, Sierra Stan, Model P/N 292-850,
manufactured by Sierra Engineering Company, is a 50th percentile
male weighing 165 1lbs. The dummy was restrained by a standard 1lap
belt during the tests.

Accelerometers were also mounted on the floorboard of the test
vehicles. Deceleration data were collected to judge impact
severity and to evaluate vehicle occupant iInjury tolerances.

Houston Positlon Transducers were used in Tests 293 and 294 to
measure lateral movement and tiltlng of the first barrier segment
impacted by the test wvehicle.

The Appendix contalns a detalled description of: +the mechanical
instrumentation in the test vehicles; photographic equipment and
data collection techniques; electronic iInstrumentation and data
réduction methods; and accelerometer records.

11
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" Test Results

Key design features for each test barrier are shown in Figure 2.
. Detailed plans for the test barriers are included in the Appendix.

Attached at the end of this section of the report and referenced

in the descriptions of the four tests which follow are the follow-
ing figures and photographs: Data summary sheets for each test
which include sequential impact photographs and vehicle trajectories,
Figures 3 through 6; drawings showing permanent lateral displacement
at each barrier jolnt, Figure 7; photographs of barrier movement,
Figures 8 and 9; barrier damage photographs, Figures 10 through 22;
and vehicle damage photographs, Figures 23 through 26.

A 17 minute color f£ilm report was assembled to summarize the four
crash tests described in this report.

1. Test 291

Test Conditions - A 1969 Dodge Polara sedan weighing 4860 lbs
impacted the precast concrete test barrier at 7° with a velocity
of 65 mph. The fourth 12.5 foot long segment of the 150 foot
test barriler was impacted 3.5 feet beyond its upstream end,
Figure 7.

Impact Description - The vehicle was smoothly redirected. During
impact the left side of the vehicle rode up along the face of the
barrier. The vehicle rolled away from the barrier 18° and exited
parallel to the barrier at a velocity of 54 mph. During re-

direction, the vehicle remained in contact with three barrier
segments, a total distance of 30.5 feet, and rose to a maximum
height of 2.3 feet.

Barrier Movement and Damage - Maximum lateral barrier displacement

"' of 6 1/4 inches ocecurred at the first pinned barrier joint down-
stream from the point of impact, Figures 7 and 8. Five of the
twelve barrier segments translated laterally during impact.

13
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.The barrier sdffere&vminimal damage from impact. However, there
was some minor concrete spalling at the bottom f mnt face of the
filrst joint downstream from impact due to local closing of the
Jjoint in compression.

- Vehilcle Damage - Vehicle damage was also minimal, Figure 23. There
were some minor dents and scratches on the left front and rear
quarter panels of the vehicle. This same vehicle was used for a
second impact test, Test 292, later the same day without being
repaired. - There was ne intrusion of vehicle or barrier parts into

the passenger compartment during impact,

Dummy Behavior - Upoh impact, the dummy, restrained by a lap helt,
hit the left front door and steering wheel of the vehicle. The
dummy was found slumped against the left door after the test.
Dummy accelerometer and lap belt load data are 1ncluded in the
Appendix, Flgures 8A. and 124,

2. Test 292

Tést Conditions - The barrier segments which were realigned and
the vehicle which was unrepaired after Test 291 were reused for
this test,. ‘

'The 1969 Dodge Polara sedan impacted the precast concrete test
‘barrier at 23° with a velocity of 68 mph. The sixth segment
of the test barrier was 1mpacted 1 foot beyond its upstream
end, Figure 7.

‘Impact Description ~ Upon impact, the barrier segment initially
impacted was fractured, moved laterally, and started to tip back
off line as the test vehicle rode up its sloped face, The

‘vehiele continued toiclimb, using the tipped barrier segment as

- & ramp, and became airborne while being redirected parallel to

the barrier., Along an airborne trajectory path of about 56 feet,
‘the vehicle's left front tire reached a maximum height of 7.0

~ " feet with the vehicle rolling clockwise 61° away from the

14
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barrier. During descent, the vehicle yawed clockwise becoming

. nearly perpendicular to the centerline of ﬁhe barrier before
recontacting the barrier near the last Joint. The vehicle sl1lid
aiong the top of the last barrier segment and returned to the
ground almost perpendicular to the centerline of the barrier and
about 28 feet downstream from the last barrier. segment.

Barrier Movement and Damage - S8ix barrier segments were laterally
displaced during impact, Figures 7 and 8. Maximum lateral dis-
placement of 22 1/4 inches occurred at the upstream end of the
first impacted barrier segment, joint 5. The downstream end of
this segment moved laterally 16 1/4 inches. All of the pinned
Joints of the barrier remained connected during impact. During

impact, the initially impacted barrier segment leaned back about
16° away from its vertical axis.

The test barrier suffered considerable damage. At the point of
impact the barrier failed in bending. The tension side of the
barrier was completely fractured, while the front face of the
barrier showed signs of a sev?re compression faillure, Figure 10.

The top reinforcing steel hinge bar at the first downstream
barrier joint from impact, joint 6, was pulled out of the concrete,
J Figure 11l. A crack in a barrier gegment at Joint 7 also indicated
& probable bond fallure of a top reinforicng hinge bar, Figure 12.

In addition to the fractured concrete at the locations of impact
and pull-out of two top hinge bars, concrete spalled at joints

b, 5, and 6, Figures 13 through 15. Several large spalled pieces
of concrete, 10 inches maximunm dimension,_were thrown about 25
feet in back of the barrier during impact. The stéel rods
connécting Joints 4 through 7 were bent during impact.

Vehicle Damage - The left side of the test vehicle suffered extensive

damage during impact with the precast barrier segments, Figure 24,
‘l' There was no intrusion of vehicle or barrier parts Into the passenger
compartment during impact.
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”Dummy Behavior - Dué:to & camera malfunction, high speed film

coverage of the lap belted dummy was not available for analysis.
However, dummy accelerometer and lap belt load data are included
in the Appendix, Figures 9A and 12a. )

3. Test 293

Test Conditions — A 1969‘Dodge Polara sedan weighing 4860 ibs
impacted the precast concrete test barrier at 40° with a velocity
of 66 mph. A malfunction of the cable guidance bracket causing
vehicle yawing prior to impact, prevented the vehicle from
attaining an anticipated impact angle of 25°. The third 20 foos
long segment of the 100 foot test barrier was impacted 1 foot
beyond its upstream end, Figure 7.

Impact Description - Upon impact, the barrier segment initially
-impacted was. moved laterally and pushed over backwards as the
"test vehicle rode up 1ts sloped face. The vehicle continued to

soar, traveling behind the test barrier, and reached a maximum

airborne‘height'(left rear tire) of 7.1 feet while rolling clock-

Wise 33°'away from the barrier. While airborne for about 60 feet,
the test vehicle yawed clockwise passing over the last two barrier
- segments and hit the ground neariy perpendicular to the centerline

‘of the barrier 20 feet downstream from the end of the barrier.
The vehicle rolled over once and stopped 60 feet downstream and
26 feet in back of the test barrier.

" Barrier Movement and Damage - Four of five barrier segments were
laterally displaced during impact, Figures 7 and 9. Only the '
last barrier segment remained on line, Maximum lateral dig-
placement of 11 1/8 inches occurred at the upstream Joint of the

© first impacted barrier segment, Joint 2, Figure 7. The second

-and third joints failed to restrain the lateral and rotational
“.movement of the impacted barrier segment, which tipped over on
‘its side. The steel hinge bars and steel connecting rods were
severely bent, Figure 16. The steel rod at joint 1 was also
“bent during impact, Figure 17.
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'“‘l' Concrete spalling also occurred at jolnts 2 and 3, Figure 18.

Vehicle Damage - The test vehlcle was severely damaged from the
barrier lmpact and post impact rollover, Figure 25. The engine

, intruded about 3 inches into the passenger compartment of the
vehicle dufing impact.

Dummy Behavior - Upon impact, the dummy, restrained by a lap belt,
slumped towards the passenger's side and moved forward under the
dashboard of the vehicle, As the vehicle descended from its air-
borne trajectory and hit the ground, the dummy impactéd the steering
wheel and the left front wing window. As the vehicle rolled over,
the dummy'!s head protruded out the front door window and impacted
the ground. When the top of the vehicle caved in during the vehicle
rollover, the dummy's right arm and shoulder were crushed. After

impact, the dummy was found slumped against the left dcor. Dummy
accelerometer and lap belt load data are included in the Appendix,
Figures 10A and 1l2A.

P 4, Test 294

Test Conditions - A 1968 Dodge Polara sedan weighing 4700 1lbs
impacted the precast concrete test barrier at 25° with a velocity

of 39 mph. A premature ignition failure prevented the vehicle
from reaching an anticipated impact velocity of 60 mph. The
fourth 20 foot long segment of the 120 foot test barrier was
impacted 10.8 feet beyond its upstream end, Figure 7.

Impact Description ~ The vehicle was smoothly redirected. Upon

impact, the left side of the test vehicle rode up the face of
the barrier, reaching the top edge 10 feet after initial barrier
contact. As the barrier segment tipped back off line 6°, the
vehicle travelled 24.5 feet along the top edge of the barrier,
and exited at 4° and 30 mph. During redirection, the vehicle

] rolled 33° away from the barrier, became airborne for about 16

. eet while travelling along the top of the barrier, and remained
in contact with the barrier for 36.5 feet. After exiting

17
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Tmomentarily'at Yo, tﬁé vehiclgzyawed clockwise, arcing away from
the front of the barrier and stopped 46 feet downstream and 70
feet perpendicular to the line of the face of the barrier after
the remote brakes wefe‘applied.

Barrier Movement and Damage - Four of six barrier segments were

laterally displaced during impact, Figures 7 and 9. Maximum
lateral displacement of 5 1/2 inches occurred at the first barrier
Joint downstream from impact.

fThe test barrier suffered no structural damage other than some
concrete spalling at the second, third and fourth barrier Joints,
Figures 19 through 21. Also, there were scrapes and tire scuff

'.marks on the front face of the barrier, Figure 22.

Vehlcle Damage - The front left quarter section of the vehicle was

moderately damaged during impact, Figure 26. The front bumper was
pushed about 1.3 feet back away from its original plane. There was
no intrusion of vehicle or barrier parts into the passenger
compartment during impact;

:iDummy Behavior - Upoﬂ‘impabt, the dummy, restrained by a lap belt,

hit the left front dqbr and then slumped towards the passenger's
slde as the wvehicle é%arted to roll. As the vehicle hit the ground,
the dummy hit its heéd on the headliner above the left front door.
After impact, the dummy was found slumped against the left door.
Dummy accelerometer and lap belt load data are included in the
Appendix, Figures 11A and 12A.
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Teat 291

Test 292

Figure 8, Barrier Movement
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Test 293

Test 294

Figure 9, Barrler Movement
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Figure 1l, Top Hinge Rebar Pull-Out Failure (view
of 1mpact side of barrier), First Joint
Downstream from Impact, Test 292

Figuré 12, Probable Bond Falilure of Top Hinge Rebar
(view of impact side of barrlier), Second
. Joint Downstream from Impact, Test 292
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Pigure

13, Concrete Spalling at Joint
(first joint upstream from
Test 292 '
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Impact Side
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View of Back
Side of Barrier

Figure 14, Concrete Spalling at Joint ! (second
joint upstream from impact), Test 292

View of Back
3idé of Barrler

Figure 15, Concrete Spalling at Joint 6 (first
. joint downstream from impact) Test 292
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View of Back
Side of Barrier

Flgure 16, Bent Hinge Bars and Steel Rods at Joints 2
and 3 (first joints upstream and downstream
~of impact, respectively), Test 293

View of Impact
Side of Barriler

Figure 17, ‘Bent Steel Rod at Joint 1 (second
‘Joint upstream from impact), Test 293
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Joint 2

View of Back
Side of Barrier

Joint 3

View of Back
2ide of Barrier

. Figuré 18, Concrete Spalling at Joints 2 and 3
(first jolnt upstream and downstream
of impact, respectively), Test 293.
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View of Impact
Side of Barrier

View of Back
Side of Barrier

Concrete'Spalling at Joint 2 (second
Joint upstream from impact), Test 294
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View of Impact
Slde of Barrier

View of Back
Side of Barrier

Figure 20, Concrefte Spalling at Joint 3 (first
. - Jjoint upstream from impact), Test 294
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View of Impact
Side of Barrier

View of Back
Side of Barrier

Figure 21, Concrete Spalling at Joint 4 (firvst
Joint downstream from impact), Test 294

34



http://www.fastio.com/

View of Impact.
Side of Barrier

Joint 4

(first joint
downstream from
impact)

Figure 22, Barrier Scuff Marks and Scrapes, Test 294
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Figure 23, Vehicle Damage, Test 291
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. Figure 24, Vehicle Damage, Test 292
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i Flgure 26, Vehilcle Damage, Test 294
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Discussion of Test Results

The safety performance appraisal factors discussed 1n the three
following sections are structural adequacy, impact severity, and
vehicle trajectory hazard as defined in NCHRP Report 153,
"Recommended Procedures for Vehicle Crash Testing of Highway
Appurtenances" (4).

Table 1 summarizes the test parameters and results of the three
unanchored precast CMB designs tested by Caltrans along with
tests of other precast barrier designs conducted by Southwest
Research Institute(5,6,7), Texas Transportation Institute(8),
and the Organisme National De Securite, Laboratoire des Chocs
of France(9).

1. Structural Adequacy.

The NCHRP Report 153 guldelines state that the test barrier
shall redirect the vehicle; the vehicle shall not penefrate or
vault the barrier or be pocketed or snagged by the barrier; the
vehicle shall not decelerate abruptly, or spinout, or rollover
during or after impact; and that no barrier components or debris

shall penetrate the vehicle or present an undue hazard to other
traffic(l).

Test 291. During this 7°/65 mph impact test, the vehicle was
srmoothly redirected by the test barrier without rolling
excessively and exited parallel to the barrier. Permanent
deflection of the barrier segments, 6 1/4 inches maximum, did
not adversely affect the dynamic performance of the barrier,

Other than some mlnor spalling at the joints closest to the
impact area, the barrier suffered no structural damage.

Barrier debris would not have encroached into adjacent traffic
lanes. No vehiecle or barrier components penetrated the
pasgenger compartment of the vehicle during the impact.
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A’fést 292. At a 1aréer impacﬁ angle of 23°, with the same barrier
used for Test 291, the test vehicle impacting at 68 mph was not
smoothly redirected by the test barrier, Tilting of the barrier
and lateral barrier movement launched the vehicle into a high air-
borne trajectory path. Yawing of the vehicle was about $0° by

the time it slid off the top edge of the last barrier segment and
hit the ground. '

The barrier suffered severe structural damage at the point of
impact in addition to major spalliing at three pinned joints.
Connecting rods andfhinge bars were bent.

"-vThe largé pie@es'of‘barrier debris which were scattered about

25 feet from the bafrier would have posed a hazard to traffic
on the opposite side of a median.

Test 293. Instead of the closed joint design previously tested,
 the second barrier design Featured open pinned joints, 2 3/4

inches wide; between each segment. Also, the length.of each
barrier Segmeﬁt was increased to 20 feet to add more mass to the
barrier for fesisting lateral barrier movement and more reinforecing
steel was used. o

Again;'ﬁhe fést vehféle was not smoothly redirected by the barrier,
but was launched on a high airborne trajectory and yawed clockwise
almost 90° by the time it landed.

The first barrier segment impécted was pushed over backwards
during the test because torsional moments were not transmitted
across the open joints to adjacent barrier segments. The steel
hinge bars twisted and the connecting rods were pulled out of
the lower embedded hinge bars in a manner similar to nails being
pulled from a board by a hammer. The unusually large angle of
impact (40°) bombined with the 66 mph impact velocity undoubtedly
"added to the severity of the barrier damage and the high airborne
 trajectory of the vqbicle. Some minor concrete spalling was the
~ only additiohal barrier damage.
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There was no hazardous flying debris. However, the engine of the

test vehicle intruded about 3 inches into the passenger compartment
during the ilmpact.

Test 294. Barrier segments were 20 feet long and were reinforced
similarly to those in Test 293, but had closed pinned joints
similar to those used in Tests 291 and 2%2.

The vehlcle was redirected from this 25 degree angle impact. However,
the wvehicle climbed to the top of the barrier and the left wheels
rode along the top edge of the segments for 24.5 feet,

The impact wvelocity of 39 mph was much less than the planned impact
veloeity of 60 mph. Only 44% of the impact kinetic energy recommended
by WCHRP Report 153(4) was lmparted to the barrier during this impact.
Even with these moderate test conditions, the barrier segment
initially impacted tipped back off line about 9° and translated
laterally about 5 inches during impact. Consequently, under standard
strength test conditions of 4500 lb vehicle/60 mph/25° impact angle,
the barrier segments would have rotated and deflected laterally much
more, thus causing vehlele instabllity with vaulting and yawing.
However, 1f the impact angle had been less than 25°, with an impact
gpeed of 39 mph, the barrier might have been completely effective in
redirecting the wvehicle.

Other than minor spalling of the barrier concrete at three joints,
there was no structural damage to the barrier, and, consequently,
no hazardous debris was generated. There was no intrusion of
barrier or vehicle components into the passenger compartment during
this test. '

Summary. The amount of jolnt flexibillity and the ability of the
Jjoints to transmit impact loads to adjoining segments 1s illustrated
by the following example and Figure 27. 1In the barrier design for
Test 294, there is a maximum amount of horizontal "play" or
looseness between rods and hinge bars of 1/2 inch, i.e., if two
adjoining segments are stretched out in opposifte directlons to the

k3

www . fastio.com


http://www.fastio.com/

() ()
julop = )
juowbag n@ wgoe o =44 -1
5UE65T UO14I3UU0D JUIOP PBUUld ‘62 IS3L ‘L2 34nBld wwpgzetui-
. ‘ (ondw| 1834y)
abowoq Ja14i0g ON ‘g 8 ¥ siuewbag G v
JO (u0i309.41q Kuy) Juswenow oN ‘dn M3IIA NVd
pesn &1 (£)8 (@) () stuioriv Aoid 2/
Buiwnssy Ja1410@ JO UOL}03{39Q 'XDW @ @ @
(uoriipuog ts10Mm) pesolg sdog 1y | G . 2 = “ Y {120dw] 2.040g)
_.Auaj. 0e . M3IA NV d
LNIOr @3S0 LNIOr N3dO
foid v/
Spoy 404 "2U0 9 U
1s°01a, 2/1 |
: q. . 84Dg %E: 104 . "4 “sang ebuly '01Q 8/S
. B . ,, - <“‘ . \ . . . ,A Jy 1. R , H
U ..7 ¢ . ouwedusoIsodZAE g e

44

wivvy.[aslio.com

ClihPDF


http://www.fastio.com/

' maximum extent, the gap between segments will be 1/2 inch wide,
. Figure 27 open joint. If the segment ends are initially butted
together, then there is a potential amount of "play" of 1/2 inch
at each joint, Figure 27 closed joint. If two adjoining segments
are deflected laterally until the 1/2 inch "play" is used up at
the three end joints, then the maximum lateral deflection of the
joint between the two segments will be about 4 inches, assuming
20 foot segment lengths with no movement of the segments adjJoining

- the two which were deflected and no barrier damage.

In addition to potential lateral movement of barrier Jjoints due fo
horizontal "play" at the joints, the two segments can also rotate
about theilr joints due to the vertical "play" of 11/16 inches
between the 5/8 inch diameter hinge bars that slide intoe 2 inch
high by 3 1/2 inch half round slots in each segment end.

The amount of play in the joints must be minimiged to facilitate
load transfer across Jjoints during impact. However, the joint
"play" must be compatible with reasonable construction and field
assembly tolerances, This "play" at jolnts is an inherent
structural weakness of unanchored pinned end precast CMB designs.

Strength tests were conducted on samples of the connecting rods,
hinge bars, and concrete used in the three barrier designs. The
results show that those materials all met the design specifications,
Figure 18A, Appendix.

In summary, none of the three barrier designs were considered
structurally adequate when subjected to the severe impact test
conditions used in Tests 292, 293, and 294. However, the CMB
design used in Test 291 and subjected to moderate impact test
conditions was structurally adequate for those impact conditions.
Also, had the impact angle been slightly less in Test 294 (where
structural adequacy was marginal) the barrier design probably
would have proven to be effective.

A5
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" When compared to théﬁresults of tests on continuous cast-in-place

or slipformed CMB with footings or other anchorage, summarized in
Table 1 of reference‘lo, the dynamic performance of the precast
CMB designs used for this project was quite different. The

. continuous CMB did not move laterally or tilt during impact. In

these tésts, the vehicles were redirected and acceptable post
impact trajectories were recorded in most tests in contrast to
the erratic vaulting vehicle behavior which occurred during two
of the Caltrans precést CMB tests. It is evident that more
structural continuity is required at precast CMB joints with
pinned end connections to obtain barrier performance similar to
that expected from continuous CMB.

2.‘: Impact Severity

. Vehicle Decelératioﬁg;. NCHRP' Report 153(4) recommends two crash
- tests for longitudinal barrier designs. The first test ("Test 1")

is basically a check on the strength and stability of the barrier.
A 4500 1b vehicle is"to impact the barrier at a speed/angle of
60 mph/25°. The second required test ("Test 2") is conducted
to determine the performance bf lighter weight vehicles, 2250 lb,

at less severe, more’typical impact speed/angle values of 60 mph/
'ﬁ15°. This second test is used To Judge impact severity with
reference to Table 4, Section IIA of NCHRP Report 153(4).

"Where test article functions by redirecting vehicle,
maximum vehicle acceleration (50 msec avg.) measured

- near the centelr of mass should be less than the
following values:

Maximum Vehicle Accelerations (g's)'

Laferal Longitudinal Total Hemarks
3 | 5 6 Preferred
5 - 10 12 Acceptable

These rigid bddy accelerations apply to impact tests
at 15 deg. or ‘less.™ ’
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i“l.’ Tests 292, 293, and 294 represent "Test 1" §trength tests on
three different barrier desligns. Since all three tests revealed
structural deficiencies, no "Test 2" impact severity tests were
conducted. Nevertheless, the maximum values for acceleration
shown above are included for comparison with the values in Table
1. This table contains vehicle deceleratlon data for Tests 291
through 294 and also tests on precast CMB by other agencies. = As
might be expected, the deceleration values for Tests 292 and 293
exceed the acceptable standard values. However, deceleration
values for Test 294 were satisfactory, because of the low actual
impact speed of 39 mph. Deceleration values for Test 291 also met
the standard because the angle of impact was only 7°.

The vehicle welght of 4860 1lbs and impact speeds of 65 to 68 mph

in Tests 291, 292, and 293.Were selgcted before NCHRP Report 153(4)
standards of 4500 1lb vehlcles with 60 mph impact speeds were
published. The higher test values were typical of parameters used
in previous Calfrans crash tests, and were representative of highway
condiﬁions in California prior to the 55 mph speed limlt. These
higher vehicle welghts and impact speeds clearly increased the
deceleratlion values.

Anthropometrié Dummy Response. Use of a dummy is considered
optional in NCHRP Report 153(4). Electronic data from the dummy
used in all four ﬁests is included here as a further indication
of impact severlty. Deceleration versus time traces for
accelerometers mounted in the head and chest cavities of the _
anthropometric dummy during the four Caltrans tests are included
in the Appendix, Figures 8A through 11A. ILap belt load versus
time traces for these tests are also attached in the Appendix,
Figure 12A. None of the lap belt loads exceeded the 5000 1lb
1imit specified by Federal Motor Vehicle Safety Standard 208
cited as a recommended safety evaluation guideline in NCHRP
Report 153(4).

k7
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3. Vehicle ffajedtbry Hazard.

This factor "is a“méasure of the potential of a redirected car
causing a subsequeﬁt multi-vehicle collislon". Evaluation of the
hazard is "based on vehicle exit speed and angle, maximum
intrusion into a traffic lane or lanes during trajectory, and
posterash controllability of the vehicle"(ld).

The final positions of the vehlcles after impact are shown on
the Data Summary Sheet for each test, Figures 3 through 6 at the
end of the Test Results section of the report.

Test 291. The postérash trajectory of the test vehicle probably
would not have interfered with the flow of adjacent traffic. The
test vehicle exlted parallel to the barrier at a velocity of 54
mph. The rebound distance of the vehicle was 8 feet when the
vehicle reached the;end of the test barrier,

Test 292. Excessive lateral barrier movement and rotation

causing vehicle vaulfing during impact significantly affected

the postecrash trajectory of the test vehiecle. The vehicle landed
downstream from the end and -nearly perpendlcular to the centerline
of the barrier segments, but would have been involved in a
secondary impact with the top of a continuous barrier installation.
The possibility of'é secondary barrler impact would have been
extremely hazardous to adjacent traffic.

Test 293. Severe fehicle vaulting similar to Test 292 greatly
influenced the postcrash traﬁectory of the test vehiecle. The
vehicle landed behind the teét barrier and rclled over once
before coming to rest. This type of vehicle trajectory could
possibly have caused a secondary cross-median accident if the
barrier was used 1ln the median of a highway.

Test 294. The test vehicle probably would not have encroached
into adjacent traffic lanes depending on the ability of the
driver to control the post trajectory of the vehicle following

()
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the impact. All tires of the vehicle remained inflated during

the impact. The test vehicle exited the end of the test barrier
at about 4° and 30 mph. Immediately after reaching the end of

the last precast barriler test segment, the vehicle yawed clock-
wise in front of the barrier before the remote brakes were applied.

In summary, all three barrier designs when tested under severe
impact condltlons were unable to sustaln a non-~hazardous vehicle
trajectory; however, in Test 294 where Impact conditions were
less severe than in Tests 292 and 293, there was a possibility
that a driver could have prevented the hazardous vehicle
trajectory which occcurred.
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APPENDIX

5y

Test Vehicle Equipment and Guidance Methods

3

Tests 291 and 292. Vehicle modifications and the guidance
system used for these tests are itemized as follows:

1. The test vehlcle gas tank was disconnected from the fuel
supply line, drained and refilled with water. A one gallon

safety gas tank was installed in the trunk compartment and

connected to the fuel supply line.

2. Three wet-cell storage batteries (6, 8, and 12 volt) were
mounted on the floor of the rear seat compartment. They supplied
power for the remote control equipment.

3. A solenoid—vglve actuated CO, system was connected to the
brake line for remote braking. With 700 psi in the accumulator
tank, the brakes could be locked in less than 100 milliseconds
after activation, DBrakes are activated by radio control.

by, The ignition“system was connected to the brake relay in

a failsafe interlock system. When the brake system was activated,
the vehicle ignition was switched off, Also, any loss of steering
control caused by a failure of either the radio transmitting or
receliving systems would automatically energlze the brake relay,
thus cutting the vehicle ignition and braking the vehicle to a
stop.

5. A micro switch was mounted below the'frcnt bumper and
connected to the ignition system. A trip line installed near
impact triggered the switch; thus opening the ignition circuit
and cutting the vehlecle motor prior to impact.

52
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6. The accelerator pedal was linked to a small electric motor
which, when activated, opened the throttle. The motor was
activated by a manually thrown switch mounted on the top of

the rear fender of the test vehilcle.

Te Steering was mechanically accomplished with a 400 inch-
ounce stepping motor through a V-belt driven pully attached to
the steering shaft. The stepping motor was mounted on a bracket
secured to the floorboard of the front seat compartment and
activated through the remote radio tuned relay system for right
or~left turns.

8, A radio control receiver, tone actuated relays, steering
pulse and handi-talkie radio were mounted on a chassis bolted
to the floorboard of the trunk compartment. Whip antennas for
the radio receivers were mounted on the vehicle's rear fenders.

Tests 293 and 294, The test vehicles were modified as
described above in items 1 through 6. Instead of the radio

controlled steering system, a cable guidance system was used
to direct the vehilcles into the barriers. The guidance cable,

Figure 1A, Cable Guidance Bracket -

23
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4

“anchored at each end of the vehicle path, passed through a 51ip-

bage gulde bracket, Figure 1A, bolted to the spindle of one of
The vehicle's front wheels. A steel angle post driven into the
ground near the barrier projected high enough to knock off the
guide bracket thereby releasing the vehicle from the guidance
cable prior to impact.

The remote brakes were controlied at the console trailer, Figure
2A, by using an instrumentation cable connected between the
vehicle and the electronic instrumentation trailer, and a cable

from that trailer to the console trailer. Any loss of continuity
~in’ these cables caused an automatic activation of the brakes.

*PhotoiInstrumentation

Data £11f was obtained by using seven high speed Photo-Sonics

‘Model 16mm-1B cameras (200-400 frames per second). These cameras
Twere located around the barriers as shown in Figure 2A, Camera
‘Layout. All cameras were electrically actuated from a central

control console, Figufe 2A. An eighth Photo-Sonics Model 16mm—1B
camera was placed ‘in the test vehicle to record the motions of
the anthropometric dummy during impact. This camera was triggered

- by a tether-line actuated switch mounted on the rear bumper of the

Test vehicle.

“ A1l cameras (except for the camera mounted inside the vehicle
~for Tests 291, 292, and 293) were equipped with timing light

generators which exposed reddish timing pips on the film at a

rate of 1000 per second. The pips were used to determine camera
frame rates and to establish time~sequence relatiocnships.

% . Additional coverage of the lmpacts was obtained by a 7Omm Hulcher

ClibPD

- sequence camera and a 35mm Hulcher Ssequence camera (both operating

at 20 frames per second). Documentary coverage of the tests
consisted of normal speed movies and still photographs taken

- before, during, and after each impact. Data from the high-speed
movies was reduced on’ a Vanguard Motion Analyger, Figure 3A.
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Figure 2A
CAMERA LAYOQUT3

TEST 293
/

TEST /

vsmcn.ex&)
- ' (S
275'-300't — _-TEST 292,294

TEST 293 y —~
TEST 291,292 PRECAST e

TEST 294 CMB TEST

—~
BARRIER
ot Ly . —=TEST 29I

-5 [ F
T ' i
200'-250
+
ALL -8
- TESTS T TESTS 293,294
TESTS 291,292
“"33”25??&5"'“ TRAILER MOUNTED
CONTROL CONSOLE
TEST 294 PAN CAMERAS
ALL TESTS
ALL TESTS MOUNTED
ON 31' TOWER

TEST 293

CAMERA DATA'

(D@ @ Photo-Sonics Model 16mm-IB, I3mm Lens, (275-350) FPS2,

@B @ Photo-Sonics Model 16mm- 1B, 4" (I02mm) Lens, (300-350)FPS

(@ Photo-Sonics Model 16mm~1B, 2' (5/mm) Lens, (300-330)FPS, PAN

(@) Photo-Sonics Model 16 mm-IB, 53mm Lens, 200 FPS, Inside Test Vehicle

(® Boiex, 1" (25mm) Lens, 24 FPS, PAN

70mm Hulcher, 12" (305mm) Lens, 20 FPS, Sequence Camera
@ 35mm Hulcher, 50mm Lens, 20FPS, Sequence Cam ra

I. All cameras mounted on tripods unless otherwise noted.
2. Frames per second
3.1 f£.=0.305m , | in.= 25.4 mm
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Figure 34, Vanguard Motion Analyzer

'Somé'prooedures used to facilitate data reduction for the tests
are listed as follows:

1. Targets were attached to the vehicle body and to the barriers,
and placed at ground locationhs to the front and sides of the
" barriers.

5. Flashbulbs, mounted on the test vehicle, were electronically
flashed- to establish (a) initial vehicle/barrier contact and (b)
the appiication of the vehicle's brakes.

-3: Five tape switéhes, placed at 10 foot intervals, were attached
to the ground perpendicular to the path of the impacting vehicle,
Figﬁfe 4a, Barrier Instrumentation. Flashbulbs were activated
sequentially when the tires of the test vehicle rolled over the
tape switches. The f'lashbulb stand was placed in view of all the
data cameras and was used to correlate the cameras wlth the impact
events.
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NOTES:

1.
2.

3.
4.

Impact Point

Two speed trap tape switches
Ignition Cut-off Tripline

Vehicke Approach line

TEST 294

Measurements from Impact Peint taken at base of barrier
Houston Deflection Potentiometers¥ : Tests 293, 294,
located 4' from each end of barrier, 6" down from top;
Test 294, located 4' from each ends; 2-1/2" up from bettom
of barrier.

Vehicle Approach Line was the dintended path for the left
wheeils of the test vehicle.

1 ft= 0.305m
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Electronic Instrumertation and Data

Data from all transducers in the test vehicle (accelerometers and

lap belt) were transmitted through a 1000 foot Belden #8776 umbil ical
cable connecting the vehicle to a fourteen channel Hewlett Packard
3924C magnetic tape recording system. This recording system was
mounted in an instrumentation trailer located in the test control
area.

-Three pressure activated tape switches were attached to the ground
at fixed intervals in the vehicle approach path close to the point

of barrief'impact, Figure 4A. " When activated by the test vehicle
tires, these switches produced sequential impulses which were
recorded with the transducer signals on the tape recorder. A time
cycle was also recorded on tape concurrently with the tape switch
impulses and the transducer slgnals., The impact velocity of each
vehicle was determined from these tape.switch impulses and timing
cycles.

"After each test, the;tape recorder data was played back through a

Visicorder which produced an oscillographic trace (line) on paper

for each channel of the tape recorder. Each paper record contained

a curve of data représenting one transducer, signals from the three

tape swltches, and the time cycle markings.

Vehicle and Antﬂropometric Dummy. Figure 5A shows the locations
of all transducers mounted in the test vehicles. A total of elght '

Statham accelerometers, of the unbonded strain gage type, were used
for deceleration measurements. Of these, four were mounted, one in

“ the chest and three in the head cavity, in the anthropometric dummy .

The other accelerometers were mounted on the floorboard of the test
vehicle. Also, one seat belt transducer was installed on the dummy's
lap belt for each test.
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Figure 5A, VEHICLE INSTRUMENTATION
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8 291,292
8 293,294
9 All
NOTE:

—— 54" (1.63m) —

FRONT OF CAR

TYPE OF
TRANS DUCER

Accelerometer
Accelerometer
Accelerometer
Accelerometer
Accelerometer
Accelerometer
Accelerometer

Accelerometer
Accelerometer
Accelerometer
Accelerometer
Accelerometer
Seot Belt Force

\Appnox_
VEHICLE C.G.
ORIENTATION LOCATION
Longitudinal ©~ A- Dummy's Head
Vertical  A- Dummy's Head
Lateral  A-Dummy's Head
Longitudinal  A- Dummy's Chest
Lateral C- Outer Side Of Stl. Box
Lateral B- Veh.Floor - C.G.
l.ateral C-In Polyurethane
Foam in Stl.Box
Longitudinal B- Veh.Floor~C.G.
Lateral B-Veh. Floor -C. G,
Longitudinal = B-Veh.Floor -C. G.
Longitudinal B - Veh.Floor -C. G.
Lateral B- Veh.Floor -C. G.
Tension A-Dummy's Lap Beit

Location A (for accelerometers) is onthe inside back of the head orin the chest
cavity of the dummy! Location B is on a steel angle bracket welded to the

floor at the veh:cle center of gravity,
L.ocation C is 0 4"x 4" steel box mounted on the longitudinal axis of the vehicle

floor
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L

LLongitudinal and latéfal vehiéie deceleration records for each

test are shown in Figures 64 and 7A. Deceleration responses of
the anthropometric dummy and the lap belt record for each test
are shown in Figures 8A through 12A.

Some of the accelerometer data records contained high frequency
spikes. This data was filtered at 100 Hertz with a Krohn-Hite
filter to facilitate data reduction. The smoother resultant
curves give a good representation of the overall deceleration
of the vehicle without slgnificantly altering the amplitude and

‘time vdlues of the deceleration pulse.

Test Barriers. The locations of tape switches used to

determine impact velocity andvto correlate high speed movies and
the barrier instrumentation for each test are shown in Figure 4A.

" Houston Deflection Potentiometers were positioned at the back side,

6 inches down from the top of the barrier and 6 feet on either

‘side of the point of impact for Test 293. For Test 294 one

addit ional pOtentiomefer was placed 2 1/2 inches up from the base

‘of ‘the barrler on either side of the point of impact. These

potentiometers moniltored lateral barrier deflection during impact,
Figure 13A.
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Figure 6A,

VEHICLE DECELERATION VS TIME
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Figure TA,
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Figure BA, DUMMY DECELERATION VS TIME
_ TEST 291, 48601b. VEHICLE, 65MPH, 7° LAP BELT
. 12.5FT. LONG SEGMENTS, NO DESIGN GAP AT PINNED JOINTS
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Figure 9A, DUMMY DECE|ERATION VS TIME
TEST.292, 4860Ib. VEHICLE, 68 MPH, 23 LAP BELT
12.5FT. LONG SEGMENTS, NO DESIGN GAP AT PINNED JOINTS

UNANCHORED PRECAST SAFETY SHAPED CONCRETE BARRIER

0 lMPACT HEAD — LONGITUDINAL — FILTERED AT |00 HERTZ
CH.1

a0 a
20 : - %

0 ‘__-...-\4‘— _— P I‘K

7 -
—20
) 0.100 0.200 0.300 0.400
60 HEAD - VERTICAL — UNFILTERED
CH. 2
40
HIGHEST 50 MS AVG RESUL TANT
HEAD DECELERATION 288 6'S
20
5 .
o™ - *‘\-—"&.——-fv-—v————-——‘
= —~z20
Q
- =
< -—a0 :
@« 0 0.100 0.200 0300 0.400
m .
-
8 6o HEAD — LATERAL - FILTERED AT 100 HERTZ
u CH.3
40
20
0 — = N -
U
-20% —
0 : 0.100 0.200 0.300 0400
CHEST LONGITUDINAL — FILTERED AT 100 HERTZ
20
cH.4 ! )
10 A A
- ” U HIGHEST 50 MS AVG.
48E'S
-0
! v
—20

o 0.130 0.200 0.300 0.400

B R TIME AFTER IMPACT ( SECONDS )

54

ClibPD www . fastio.com


http://www.fastio.com/

CM:)PI% -

40

20

— 20

60

40

20

I
)
o

40

20

DECELERATION (G'S)

~-60

40

30

20

www . fastio.com

Figure I0A, DUMMY DECELERATION VS TIME

TEST 293, 48601b. VEHICLE, 66 MPH, 405 LAP BELT
20 FT.LONG SEGMENTS, DESIGN GAP AT PINNED JOINTS=2.75IN.
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Figuré |1A, 'Qu'm?“ MY DECELERATION VS TIME
TEST 294, 4700Ib. VEHICLE, 39 MPH, 25° L AP BELT
20FT. LONG SEGMENTS, NO DESIGN GAP AT PINNED JOINTS

UNANCHORED PRECAST SAFETY SHAPED CONCRETE BARRIER

ClihPDF
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Figure IZA, DUMMY LAP BELT LOAD VS. TIME
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Figure 13A, FLECTION VS T
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In the Fall of 1975 "several Caltrans construction personnel were
contacted for their comments on the field performance of temporary
precast CMB designs they had used on construction jobs. Following
are summaries of their comments:

) 1, Senior-Bridge Constructlon Engineer, District 07, Los Angeles.

-Moét"precast CMB noﬁﬁused 1s the chained type although some Type K
‘Téemporary Railing with'pinned ends 1s used. Segments are 20 foot

5 long. "He thinks the chained type 1s preferable because there is

' no gap at the joints, and they are easier to set up. With the

! pinned ends, more work is required to align the segments to insert

the steel rods. Most of thé'barrier is set on even ground, He

Says the bArrier has performed very well. He does not know of

any-segments*which have tipped over. He thought the maximum

barrier movement from impacts was about 1 to 1-1/2 feet. They

have used this barrier on one heavily traveled freeway where 51

'bridges weré'involvéd, thus indicating considerable exposure time
. for the barrier. Hé'expressed some concern for situaticns where

" the barrier:segmenté are placed directly in front of vertical drop-

'Jﬂbﬁfs, and feels they may have just been lucky that no barrier

~ segments were knocked over the edge.

2. Resident Engihéér, and Bridge Engineer, District 07, Los Angeles.

‘E'They réquired“the cdﬁtractor to provide precast CMB before allowing
men to work within 6 feet of the traveled way during daytime hours.
{ This barrier was the chained type using 20 foot barrier lengths.
Initially the contractor did:not‘want,to chain the segments, then
Wwanted to uéé*only ohe'looﬁ; The Caltrans personnel required the

' contractorito use two loops of chains. The barriler segments were
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butted together, the ohéin was snug but not stretched in any way.
They have used a Tew segments of Type K Temporary Ralling with
pinned ends, but evidently they did not realize there should be

a nut on the bottom of the steel rod. They flare the barrier
alignment at the ends and use the tapered terminal segment. All
barrier segments were usually on even ground. The segments were
moved occasionally with a loader or more often with an H-3 hydro
erane wilth a capacity of about 20 kips on a vertical 1ift, They

did not use a fork 1lift; there were no fork 1ift slots in the
barrier. They preferred the longer 20 foot segments over some=-

thing shorter, provided moving equipment was avallable. Accident
experience was good; barrier movement had not been over 1-2 inches.
Most of the barrier had the same alignment as when it was installed.
In the most severe accident they could remember, scuff marks appeared
high on the barrier and car parts from a yellow Mustang were left

at the accident scene, but they did not remember any barrier movement.
They had no other accldent details. They felt the barrier segments
in place were doing the job quite well and were much better than

non—~-concrete temporary barriers used previously.

3. Construction Engineer, Field Area Supervisor, District 07.

Los Angeles.

He mentioned one Jjob using 150 - 10 foot long segments of pinned
end precast CMB. They were used to permit daytime work in the
median on dralnage improvements. The steel rod used was actually
a long bolt with a nut on the bottom. Evidently the design used
was similar to our standard Type K Temporary Railing (several
persons referred to the chalned end barrier design as a Type K
Temporary Railing) with about a 3 inech gap between ends of
segments. There had been some sideswipes of the barrier with
barrier movement of only a few inches. He said temporary CMB
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is usually placed'oh even géound. The barriler units had no
Scuppers on the bottom, hence fork 1lifts were not used for
handling. Eyebolts cast into the top of the barrier were used
for lifting. He felt the 10 foot segments were preferable to the
20 foot segments for ease of hauling.

4, Construction, Plan and Specification Reviewer, District 07,
Los Angeles.

He thought that in general the current standard Type K Temporary
Railing design with pPinned ends and nut on the bottom is used,
although some left over chain type CMB segments are still used,
He thought there was no barrier movement when impacts occurred
except where segments were not tied together or the end segment
was hift.  He thought a 12 foot maximum length was preferable to
a 20 foot length so that the CMB segments could be hauled cross-
wise on a trueck. It was his understanding that the CMB segments
were quite durable, and were often used on 3 to 4 jobs or more,

He likes the eyebolt detail for 1lifting CMB segments. He thought
the units were handled with a truck crane for transportation from
one job to another, but moved with a forklift around one given
Jobsite. He thought uneven ground was rarely a problem. One
suggestion he made was to give new designations to different
precast CMB designs. By referring to both the chain type and
pinned end designs as Type K Temporary Railing, confusion was
created, and disputes with the contractor resulted when he wanted
£0 use older designs on a job.
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5. Resident Engineer, District 03, Sacramento.

He has used mostly pinned end CMB units without a nut on the bottom
of the pin, although he said most of the units under overcrossings
were the chained type. All were 20 foot segments, mostly placed on
even ground, usually on paving. The steel rod used was a #8 rebar
and wooden wedges were used to take slack out of the Joints. The
units supplied by the contractor had pin loops of steel cable cast
in the barrier ends. The size of the cable and the locps varied
so he felt the strength of the loops would be variable. He said
they used two wraps of 3/8 inch diameter cable instead of chain

to connect the chain type CMB units. Wedges were also used at

the joints on these units to take up the slack. The CMB units

on this job had scuppers, and large forklifts were sometimes used
to move them., Truck mounted hydro cranes with 20,000 1b working
load capacities were also used. Some units had lifting eyebolts
in the top; some were moved using the chain holes at the ends of
the CMB units. He said some of the units were in bad condition.
Several had portions broken off the top, and there was a typical
spalling at the scuppers. Four units were rejected because of
double "X" cracks in the middle. He felt the damage was due both
to poor handling, dropping, ete. and to dropping of falsework
members, etec. on top of the units.

Two aceldents which happened on the job were described. In one,

a car got Into the median, went down the slope between two bridges,
and struck some CMB units from the backside at about a 90° angle.
These CMB units were "chained" together. They did not tip over,

but three segments moved. Maximum deflection of the units was about
8 to 9 feet. The impacting vehicle was a Pinto.
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The other accident occurred on a bridge deck. ~The vehlcle hit CMB
units on the right side of the roadway, then crossed the roadway
and hit unilts on the other side at s large angle close to 90°. The
end of one unit sheared off and about six units showed signs of
movement. He felt this demonstrated the effectiveness of the wedges
at the joints in carrying loads across the joints. No one saw the
acclident; there was no accident report; hence, they do not know
what type of truck or car was involved. This length of CMB was
within six inches of the edge of deck. Dowels had been placed

in the deck and the CMB units tied down to prevent the units from
being knocked over the edge. It was felt this tie~down arrangement
was effective.

6. Construction Staff Meeting, District 07, Los Angeles.

After the above inférmation had been gathered, the subject was
raised at a District 07 Construction Staff Meeting of senior and
supervising engineers. The consensus at this meeting was that the
CMB units now in use perform well; the chain connection detail

is preferred; the pin connected units should not be discarded
because they work satisfactorily and it would be a hardship on
contractors who have a iarge supply of this type of unit; they
could think of no specific improvements needed in the design; the
units have been hit many times; none have tipped over and the
maximum barrier deflection has been about 12 to 18 inches. The
exposed approach end condition was considered g problem., They
now often use Fitch .Inertial Sand Barrels at these ernds.
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